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Background: Home oxygen therapy is often required in children cost, and feasibility, recommendations were developed for or against
with chronic respiratory conditions. This document provides an home oxygen therapy specific to pediatric lung and pulmonary
evidence-based clinical practice guideline on the implementation, vascular diseases.

monitoring, and discontinuation of home oxygen therapy for the

pediatric population. Conclusions: Although home oxygen therapy is commonly

required in the care of children, there is a striking lack of empirical
evidence regarding implementation, monitoring, and discontinuation
of supplemental oxygen therapy. The panel formulated and

provided the rationale for clinical recommendations for home oxygen
therapy based on scant empirical evidence, expert opinion, and
clinical experience to aid clinicians in the management of these
complex pediatric patients and identified important areas for future
Results: After considering the panel’s confidence in the estimated  research.

effects, the balance of desirable (benefits) and undesirable (harms and

burdens) consequences of treatment, patient values and preferences, Keywords: children; home; hypoxemia; oxygen

Methods: A multidisciplinary panel identified pertinent questions
regarding home oxygen therapy in children, conducted systematic
reviews of the relevant literature, and applied the Grading of
Recommendations, Assessment, Development, and Evaluation
approach to rate the quality of evidence and strength of clinical
recommendations.
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Question 2: Should Children with
Bronchopulmonary Dysplasia
Complicated by Chronic
Hypoxemia Be Treated with
HOT?

Question 3: Should Children with
Sleep-disordered Breathing
Complicated by Chronic
Hypoxemia Be Treated with
HOT?

Question 4: Should Children with
Sickle Cell Disease Complicated
by Chronic Hypoxemia Be
Treated with HOT?

Question 5: Should Children with
Pulmonary Hypertension
without Congenital Heart
Disease Be Treated with HOT?

Question 6: Should Children with
Pulmonary Hypertension with

Congenital Heart Disease Be
Treated with HOT?

Question 7: Should Children with
Interstitial Lung Disease
Complicated by Chronic
Hypoxemia Be Treated with
HOT?

Providing HOT
Discontinuation of HOT
Conclusions

Summary of
Recommendations

Cystic Fibrosis

e For patients with cystic fibrosis
complicated by severe chronic hypoxemia,
we recommend that home oxygen therapy
be prescribed (strong recommendation,
very low-quality evidence).

¢ For patients with cystic fibrosis who have
both mild chronic hypoxemia and
dyspnea on exertion, we suggest that
home oxygen therapy be prescribed
(conditional recommendation, very
low-quality evidence).

Bronchopulmonary Dysplasia

e For patients with bronchopulmonary
dysplasia complicated by chronic
hypoxemia, we recommend that
home oxygen therapy be prescribed
(strong recommendation, very low-quality
evidence).

Sleep-disordered Breathing

¢ For patients with sleep-disordered
breathing complicated by severe
nocturnal hypoxemia who cannot
tolerate positive airway pressure therapy
or are awaiting surgical treatment of
sleep-disordered breathing, we suggest
that home oxygen therapy be prescribed
(conditional recommendation, very
low-quality evidence).

Sickle Cell Disease

¢ For patients with sickle cell disease
complicated by severe chronic
hypoxemia, we suggest that home
oxygen therapy be prescribed
(conditional recommendation, very
low-quality evidence).
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Pulmonary Hypertension without

Congenital Heart Disease

¢ For patients with pulmonary
hypertension without congenital
heart disease complicated by chronic
hypoxemia, we recommend that
home oxygen therapy be prescribed
(strong recommendation, very low-quality
evidence).

Pulmonary Hypertension with

Congenital Heart Disease

e For patients with pulmonary
hypertension with congenital heart
disease complicated by chronic
hypoxemia, supplemental oxygen will
impact hemodynamics and physiology;
we recommend that home oxygen
therapy NOT be initiated in these
children, regardless of previous reparative
or palliative congenital heart surgery,
until there has been consultation with a
pediatric pulmonologist or cardiologist
who has expertise in the management of
pulmonary hypertension in this clinical
setting (strong recommendation, very
low-quality evidence).

Interstitial Lung Disease

e For patients with interstitial lung
disease complicated by severe chronic
hypoxemia, we recommend that home
oxygen therapy be prescribed (strong
recommendation, very low-quality
evidence).

e For patients with interstitial lung
disease who have mild chronic
hypoxemia and either dyspnea on
exertion or desaturation during
sleep or exertion, we suggest that
home oxygen therapy be prescribed
(conditional recommendation, very
low-quality evidence).

Implementation
e The expert panel unanimously agreed
that optimal implementation of the
above recommendations consists of all
of the following:
© Oxygen therapy to maintain an oxygen
saturation as measured by pulse
oximetry in an acceptable range
according to age and respiratory
condition as outlined in this document
° Use of oxygen equipment that is of the
appropriate size, developmental stage,
and flow rate to function properly
° Oxygen therapy monitoring by pulse
oximetry in the home

Introduction

Home oxygen therapy (HOT) is used to
maintain health by addressing physiologic
and metabolic requirements for children
with chronic lung and pulmonary vascular
diseases. Enabling a child to receive HOT
also confers psychological advantages by
allowing the child to remain within the
family unit at home, reducing healthcare
costs compared with hospitalization.
Despite children having significantly
different pulmonary physiology from adults
and additional requirements for optimal
lung growth and development, indications
for funding HOT as determined by the
Centers for Medicare and Medicaid Services
(CMS) are the same for pediatric and
adult patients. These include I) Pag,

less than 55 mm Hg (<7.33 kPa), 2)
oxygen saturation as measured by pulse
oximetry (Spo,) less than 88%, or 3) Pag,
55-59 mm Hg (7.33-7.87 kPa) or Spo, 89%
accompanied by cor pulmonale, hematocrit
greater than 55%, or a history of edema
(1). The basis of these indications by

CMS is predicated on seminal studies in
adult patients with chronic obstructive
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pulmonary disease showing reductions in
mortality with continuous oxygen therapy
(2, 3). Despite the lack of pediatric patients
in these historic studies performed over 35
years ago, CMS coverage determination for
HOT is the same for pediatric patients of all
ages compared with adult patients.

Recognizing the need for clinical
guidance regarding HOT specifically for
children, the American Thoracic Society
(ATS) convened a task force of specialists in
pediatric and neonatal medicine, respiratory
therapy, nursing, and population health,
together with parents, to conduct systematic
reviews and use available evidence to inform
recommendations for the use of HOT in
chronic lung and pulmonary vascular
diseases of childhood.

The target audiences of this guideline
are clinicians who manage children
with diseases complicated by chronic
hypoxemia. This group includes pediatric
pulmonologists, pediatric cardiologists,
neonatologists, general pediatricians and
family practitioners, emergency medicine
and primary care clinicians, other healthcare
professionals, and policy makers. Clinicians,
patients, third-party payers, stakeholders,
or the courts should never view the
recommendations contained in this
guideline as dictates. Though evidence-
based guidelines can summarize the best
available evidence regarding the effects of an
intervention in a given patient population,
they cannot take into account all of the
unique clinical circumstances that may arise
when managing a patient, and as such their
implementation is at the discretion of each
treating clinician.

Methods

This clinical practice guideline was
developed in accordance with policies and

procedures of the ATS. See the online
supplement for a detailed description of
the methods. The meaning of strong and
conditional recommendations is described
in Table 1. The definition of chronic
hypoxemia in a child and the consequences
of untreated hypoxemia in this population
are included in the online version of

the guideline. To define hypoxemia, we
conducted a systematic search for data
about normal oxygenation in children that
identified 1,711 articles, most of which
were excluded by review of their title and
abstract (see Table E1 in the online
supplement). For analysis, we decided to
categorize children as those younger than
1 year old or 1 year old and older. See Table 2
for normative values of oxyhemoglobin
saturations during wakefulness and sleep in
healthy children. For the purpose of this
document, the term “desaturation” represents
oxyhemoglobin desaturation.

Indications for HOT

Our systematic search of the literature
identified 952 articles, most of which

were excluded by review of their title and
abstract (Table E2). Table 3 provides a
summary of the final recommendations by
the panel, with details of the evidence base
outlined in the following sections for each
pediatric respiratory condition.

Question 1: Should Children with
Cystic Fibrosis Complicated by
Chronic Hypoxemia Be Treated with
HOT?

Evidence base. We identified no studies
that directly compared home oxygen with
no oxygen in children with cystic fibrosis
(CF) complicated by chronic hypoxemia,
possibly because of concerns about the safety

Table 1. Meanings of the Strength of the Recommendations

of having such a control group. We
therefore selected eight studies that indirectly
addressed the question by comparing use of
either short-term oxygen or nocturnal home
oxygen with no oxygen in children with CF
complicated by chronic hypoxemia (4-11).
Seven trials were randomized crossover trials
(5-11), and the remaining trial was a
randomized trial with parallel groups (4). All
trials enrolled children or young adults with
both CF (mean age, 22 to 27 yr) and chronic
hypoxemia (mean Spo, in the mid-80%
range; mean Pag, <65 mm Hg [<(8.67 kPa];
or desaturations to <<90%). Three trials
compared an Fip, of 0.30-0.39 with an Fig,
of 0.21 administered into the breathing

circuit during an exercise test (7, 10, 11); three
trials compared an Fi, of 0.30-0.31 with an
Fio, of 0.21 administered by nasal cannula

or through a continuous positive airway
pressure device during a sleep study (5, 8, 9);
one trial compared being in a naturally high
oxygen environment below sea level with being
at sea level (6); and one trial compared
nocturnal HOT titrated to an awake Pag,
greater than 70 mm Hg (>9.33 kPa) with a
nocturnal Fip, of 0.21 administered by nasal
cannula during sleep. All trials were small,
ranging from 6 to 28 patients.

Meta-analyses revealed that short-term
oxygen use increased exercise duration
(mean difference [MD], +1.04 min; 95%
confidence interval [CI], +0.21 to +1.88
min) and postexercise oxygen saturation
(MD, +7%; 95% CI, +2.23 to +11.81%);
there was also a trend toward a higher peak
exercise oxygen saturation (MD, +7.19%;
95% CI, —2.51% to +16.89%). Single
studies revealed that short-term oxygen
use mitigated oxygen desaturation during
exercise (—5% vs. —12%; MD, +7%; 95%
CI, +2.48% to +11.52%) (12), improved
oxygen saturation during REM sleep (90%
vs. 79%; MD, +11%; 95% CI, +4.38% to
+17.62%) and non-REM (NREM) sleep

A Strong Recommendation Conveys . . .

It is the right course of action for >95% of patients.

“Just do it. Don’t waste your time thinking about it,

just do it.”

You would be willing to tell a colleague that he or she
did the wrong thing if he or she did not follow the

recommendation.

The recommended course of action may make a

good performance metric.

A Conditional Recommendation Conveys . . .

minority.

It is the right course of action for >50% of patients but may not be right for a sizable
“Slow down, think about it, discuss it with the patient.”

You would NOT be willing to tell a colleague that he or she did the wrong thing if he
or she did not follow the recommendation because there is clinical equipoise.

The recommended course of action would NOT make a good performance metric.
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Table 2. Normative Values

Wakefulness

Sleep

Desaturation Nadir

Mean (+SD)

Children <1 yr old
Children =1 yr old

97.8% (=1.4%)
97.6% (=0.7%)

Median (Range)

98.7% (97.9-99.8%)
97.5% (97-98%)

Mean (+SD)

96.3% (=1.3%)
97.8% (=0.7%)

Median (Range)

Not reported
Not reported

Mean (+SD) Median (Range)

86% (+1.5%)
94.6% (*=3.1%)

85.5% (83-88%)
93% (91-94%)

(94% vs. 88%; MD, +6%; 95% CI, +1.36%
to +10.64%) (9), reduced sleep latency
(18 vs. 24 min; MD, —6 min; 95% CI,
—0.25 to —11.75 min) (9), and improved
school attendance at 6 months (71%

vs. 21%; relative risk, 3.3; 95% CI, 1.16
to 9.59) and 12 months (91% vs. 20%;
relative risk, 4.55; 95% CI, 1.30 to 15.9)
(4). There were trends toward more REM
sleep time (18% vs. 13%; MD, +6%; 95%
CI, —0.93% to +12.93%) and a lower
arousal index (6 vs. 8.1 arousals/h; MD,
—2.1 arousals/h; 95% CI, —4.57 to +0.37
arousals/h). There were no differences in
mortality (4), growth (4), total sleep time
(9), respiratory function (4), or right
ventricular function (4).

The panel had very low confidence that
the estimated effects described above would
be the same for HOT in patients with CF
complicated by chronic hypoxemia, because
the evidence from which the estimates were
derived was indirect (i.e., the question was
about HOT, but the estimates were from
trials that used short-term oxygen or
nocturnal HOT) and the trials were all small
with few events.

Conclusions. Despite having very low
confidence in the estimated effects, the panel
was certain that the benefits of HOT exceed
the harms, burdens, and cost in patients
with CF with severe chronic hypoxemia
(Spo, <90%). This was based on the
large number of beneficial outcomes
and absence of harmful outcomes,
decades of clinical experience collectively
managing thousands of such patients,
and recognition that prolonged chronic
hypoxemia contributes to serious health
consequences such as pulmonary
hypertension (PH) and cor pulmonale.
The panel also concluded that the benefits
of HOT likely exceed the harms, burden,
and cost in patients with CF who have
mild hypoxemia (Spo, 90-93%) that is
chronic, accompanied by sequelae of
hypoxemia (e.g., dyspnea on exertion,
PH, cor pulmonale), or that occurs in the
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context of an exacerbation requiring

antibiotics.

ATS recommendations.

e For patients with CF complicated
by severe chronic hypoxemia, we
recommend that HOT be prescribed
(strong recommendation, very low-quality
evidence). Severe chronic hypoxemia is
defined as either I) greater than or equal
to 5% of recording time spent with an
Spo, less than 90% if measurements are
obtained by continuous recording or
2) at least three separate findings of an
Spo, less than 90% if measurements are
obtained intermittently.

e For patients with CF who have both
mild chronic hypoxemia and dyspnea
on exertion, we suggest that HOT be
prescribed (conditional recommendation,
very low-quality evidence). Mild chronic
hypoxemia is defined as either I) greater
than or equal to 5% of recording time spent
with an Spo, 90-93% if measurements
are obtained by continuous recording
or 2) at least three separate findings of
an Spo, 90-93% if measurements are
obtained intermittently.

Question 2: Should Children with
Bronchopulmonary Dysplasia
Complicated by Chronic Hypoxemia
Be Treated with HOT?

Evidence base. We identified 11 observational
studies that compared HOT with no
oxygen therapy in children whose
bronchopulmonary dysplasia (BPD) was
complicated by chronic hypoxemia. Ten of
the studies were excluded because there was
an unacceptable risk of bias owing to the
patients receiving HOT being more severely
ill than the patients in the no-oxygen

group. The remaining study was selected for
analysis (13).

The study enrolled 63 infants with BPD
who were receiving HOT but had an Spo,
greater than or equal to 92% in room air.
The infants were admitted for continuous

pulse oximetry in room air during sleep and
then categorized into three groups: those
who I) maintained an Spo, greater than
or equal to 92%, 2) had desaturations to
88-91% for more than 1 hour, or 3) had
desaturations to less than 88% for more
than 1 hour. Those who maintained an
Spo, greater than or equal to 92% or

had desaturations to 88-91% had their
supplemental oxygen discontinued, whereas
those who had desaturations to less than
88% had their supplemental oxygen
continued. For the groups whose oxygen was
discontinued, various growth parameters were
measured before and after discontinuation of
oxygen and compared. Because the issue being
addressed concerns children with chronic
hypoxemia, our analysis focused on the 14
infants who had desaturations to 88-91%
during sleep. The study revealed that the rate
of weight gain was greater while the infants
were receiving supplemental oxygen than after
discontinuation (15.9 g/kg/d vs. 3.7 g/kg/d;
MD, 12.2 g/kg/d; 95% CI, 7.22 to 17.18
g/kg/d).

The panel supplemented this study
with indirect evidence. Two studies enrolled
patients with BPD who had ongoing high
oxygen requirements: one compared
hemodynamics measured by right heart
catheterization during the inhalation of 80%
oxygen for 10 minutes with those measured
during the inhalation of room air for 10
minutes (14), whereas the other compared
hemodynamics measured during the
inhalation oxygen targeting a Pag_ greater
than 120 mm Hg (>16 kPa) with those
measured during the inhalation oxygen
targeting a Pag, of 55 to 120 mm Hg
(7.33-16 kPa) (15). Meta-analysis found
that oxygen administration was associated
with lower mean pulmonary artery pressure
(MD, —10.03 mm Hg [—1.34 kPa]; 95% CI,
—16.41 to —3.64 mm Hg [—2.19 to —0.49
kPa]). Another study enrolled patients
with BPD who required oxygen to keep
their Spo, above 90% and compared
polysomnography results while subjects
breathed either an extra 0.25 L/min of
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Table 3. Summary of Recommendations for Home Oxygen Therapy in Children with Strength of the Recommendation and Level of

Evidence

Pediatric Respiratory
Condition

Cystic fibrosis

Bronchopulmonary dysplasia

Sleep-disordered breathing

Sickle cell disease

Pulmonary hypertension
without congenital heart
disease

Pulmonary hypertension with
congenital heart disease

Interstitial lung disease

Recommendation

For patients with cystic fibrosis complicated by
severe chronic hypoxemia, we recommend that
home oxygen therapy be prescribed.

For patients with cystic fibrosis who have both mild
chronic hypoxemia and dyspnea on exertion, we
suggest that home oxygen therapy be prescribed.

For patients with bronchopulmonary dysplasia
complicated by chronic hypoxemia, we
recommend that home oxygen therapy be
prescribed.

For patients with sleep-disordered breathing
complicated by severe nocturnal hypoxemia
who cannot tolerate positive airway pressure
therapy or are awaiting surgical treatment of
sleep-disordered breathing, we suggest that
home oxygen therapy be prescribed.

For patients with sickle cell disease complicated by
severe chronic hypoxemia, we suggest that
home oxygen therapy be prescribed.

For patients with pulmonary hypertension without
congenital heart disease complicated by chronic
hypoxemia, we recommend that home oxygen
therapy be prescribed.

For patients with pulmonary hypertension with
congenital heart disease complicated by chronic
hypoxemia, supplemental oxygen will impact
hemodynamics and physiology; we recommend
that home oxygen therapy NOT be initiated in
these children, regardless of previous reparative
or palliative congenital heart surgery, until
there has been consultation with a pediatric
pulmonologist or cardiologist who has expertise
in the management of pulmonary hypertension in
this clinical setting.

For patients with interstitial lung disease
complicated by severe chronic hypoxemia, we
recommend that home oxygen therapy be
prescribed.

For patients with interstitial lung disease who have
mild chronic hypoxemia and either dyspnea on
exertion or desaturation during sleep or exertion,
we suggest that home oxygen therapy be
prescribed.

Strength of Recommendation and
Level of Evidence

Strong recommendation, very low-quality
evidence

Conditional recommendation, very low-quality
evidence

Strong recommendation, very low-quality
evidence

Conditional recommendation, very low-quality
evidence

Conditional recommendation, very low-quality
evidence

Strong recommendation, very low-quality
evidence

Strong recommendation, very low-quality
evidence

Strong recommendation, very low-quality
evidence

Conditional recommendation, very low-quality
evidence

supplemental oxygen or their baseline
amount of oxygen (16). The higher amount of
oxygen was associated with increased total
sleep duration, increased REM sleep duration,
and decreased REM arousals, although the
values of each were not reported.

The panel had very low confidence that
the estimated effects described above are
the same for HOT in patients with BPD

complicated by chronic hypoxemia. The
direct evidence was derived from a single,
small observational study. The indirect
evidence derived estimates from small
observational studies that used short-term
oxygen or nocturnal HOT rather than
HOT.

Conclusions. The panel emphasized
that patients with chronic hypoxemia due to

BPD generally reach a phase in their medical
care where they face two alternatives: receive
long-term oxygen in the hospital or at home.
This occurs when other medical issues have
stabilized but altered oxygenation levels
are only slowly improving. The panel was
certain, despite its very low confidence in
the estimated effects, that the benefits of
HOT exceed the harms, burdens, and cost.
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In addition to improved growth, lower
pulmonary artery pressure, improved sleep
duration, and fewer arousals from sleep,
HOT enables the patient and family to be at
home and diminishes the likelihood of harm
by preventing the nosocomial and iatrogenic
consequences of hospitalization. The
strength of the panel’s recommendation is
strong because its primary intention is to
prevent the harmful effects of prolonged
hospitalization.
ATS recommendation.
¢ For patients with BPD complicated by
chronic hypoxemia, we recommend
that HOT be prescribed (strong
recommendation, very low-quality
evidence). Chronic hypoxemia is defined
as either 1) greater than or equal to 5% of
recording time spent with an Spo, less
than or equal to 93% if measurements
are obtained by continuous recording or 2)
at least three separate findings of an Spo,
less than or equal to 93% if measurements
are obtained intermittently.

Question 3: Should Children with
Sleep-disordered Breathing
Complicated by Chronic Hypoxemia
Be Treated with HOT?

Evidence base. We identified two studies
that compared nocturnal oxygen with no
oxygen therapy in children with sleep-
disordered breathing (SDB) complicated
by nocturnal hypoxemia (17, 18). One
study was a randomized crossover trial
that enrolled children (mean age, 5 yr)
who had suspected obstructive sleep apnea
plus desaturation during sleep to less
than 92% (17); the other study was an
observational study that enrolled children
(mean age, 4.3 yr) who had tonsillar
hypertrophy and desaturations during sleep
to less than 90% (18). Both studies compared
the effects of supplemental oxygen with
room air during sleep; one study provided
oxygen at a rate of 1 L/min (17), and the
other provided oxygen at a rate needed to
keep the patient’s Spo, above 95% (18).
The apnea index was the only outcome
measured by both studies; when pooled
by meta-analysis, oxygen use during
sleep was associated with no change in the
apnea index (MD, —3 events/h; 95% CI,
—12.92 to +6.68 events/h). In single
studies, oxygen use during sleep was also
associated with a higher mean Spo, (MD,
+8.2%; 95% CI, +5.58% to +10.82%),
nadir Spo, (MD, +20.7%; 95% CI, +11.29%
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to +30.11%), and nadir Spp, during REM
sleep (MD, +9%; 95% CI, +1.57% to
+16.43%). It was associated with trends
toward a higher mean Spo, during REM
sleep (MD, +4%; 95% CI, —0.16% to
+8.16%), mean Spo, during NREM sleep
(MD, +3%; 95% CI, —0.39% to +6.39%),
and nadir Spo, during NREM sleep (MD,
+4%; 95% CI, —0.47% to +8.47%). There
was no difference in the hypopnea index
(MD, —3.8 events/h; 95% CI, —19.32 to
+11.72 events/h) or changes in overall end-
tidal Pco, levels, although Pco, increased
significantly in a few patients.

The panel’s confidence in the
accuracy of these estimated effects in the
patient population of interest to them was
very low. There was indirectness of the
intervention because the question is
about HOT provided chronically at night,
but the studies used oxygen provided
during a single night. There was also
indirectness of outcomes because those
assessed were all short-term physiologic
measures rather than the long-term
clinical outcomes that the panel would
have preferred. In addition, the studies
were small, and there was a risk of bias,
because neither study reported enrolling
consecutive patients and one study was
not blinded.

Conclusions. The panel concluded
that the benefits of HOT likely exceed the
harms, burdens, and cost for the majority of
patients with severe nocturnal hypoxemia
due to SDB who either cannot tolerate
positive airway pressure therapy or are
awaiting surgical treatment of their SDB.
Although the studies above merely show
that giving oxygen increases oxygenation,
there is abundant evidence that improving
nocturnal oxygenation by other means,
such as positive airway pressure, mitigates
adverse cardiopulmonary consequences
of nocturnal hypoxemia in children. The
panel had no reason to suspect that relief
of nocturnal hypoxemia by oxygen or
positive airway pressure will lead to different
consequences.

ATS recommendation.
¢ For patients with SDB complicated

by severe nocturnal hypoxemia who
cannot tolerate positive airway pressure
therapy or are awaiting surgical
treatment of SDB, we suggest that
HOT be prescribed (conditional
recommendation, very low-quality
evidence). Severe nocturnal hypoxemia is
defined as greater than or equal to 5% of

recording time spent with an Spo, less
than 90% during sleep.

Question 4: Should Children with Sickle
Cell Disease Complicated by Chronic
Hypoxemia Be Treated with HOT?

Evidence base. Many reported
associations between hypoxemia and
outcomes such as stroke and pain crises,
but they were excluded because they did not
compare use of oxygen with no oxygen
therapy. We identified two observational
studies that evaluated patients before,
during, and after receiving supplemental
oxygen (19, 20). Both studies enrolled
patients with sickle cell disease (SCD), but
neither reported the ages of the patients or
the degree of chronic hypoxemia. One
study of three patients administered
oxygen at 5 L/min by nasal prongs (19),
whereas the other study of four patients
administered 70-100% oxygen continuously
for 8 to 20 days (20).

Measures of oxygenation increased
during oxygen therapy. In one study, the Pag,
ranged from 72 to 83 mm Hg (9.60 to 11.07
kPa) before receiving supplemental oxygen
and 146 to 175 mm Hg (19.47 to 23.33 kPa)
while receiving oxygen (19). In the other
study, which reported a single representative
patient only, the Spo, was 89% before
the initiation of oxygen, 100% during
administration, and 83% after discontinuation
(20). In both studies, the number and
percentage of sickle cells decreased during
oxygen administration, although this was
not accompanied by less hemolysis. The
amount of sickle cells rebounded when
the oxygen was discontinued, with six
of seven patients rebounding to higher-
than-baseline levels and the remaining
patient rebounding to baseline levels (19,
20). One study was terminated early because
two of three patients developed pain
crises after discontinuation of the
supplemental oxygen, although none of the
four patients in the other study experienced
a pain crisis (19).

The panel’s confidence in the accuracy
of these estimated effects in the patient
population of interest to them was very low.
There was indirectness of the intervention
because the oxygen was provided at much
higher levels than current norms. In addition,
there was a risk of bias for multiple reasons:
the studies were not blinded, did not
report enrolling consecutive patients, and
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did not report all of the data that were

collected.

Conclusions. The panel acknowledged
that the studies described above raise serious
concerns about the potential for harm if
oxygen is discontinued in patients with
SCD. However, the panel had very low
confidence in the findings, owing to the
studies’ small size (only seven patients
total) and publication age (cointerventions
were different in 1944 and 1984).
Moreover, the panel has collectively used
oxygen in hundreds of patients with SCD
for a variety of reasons without increases in
sickle cell crises or acute chest syndrome
upon discontinuation, and it was concerned
about the untoward effects of allowing
severe chronic hypoxemia to go unabated.

ATS recommendation.

e For patients with SCD complicated by
severe chronic hypoxemia, we suggest
that HOT be prescribed (conditional
recommendation, very low-quality
evidence). Severe chronic hypoxemia is
defined as either I) greater than or equal
to 5% of recording time spent with an
Spo, less than 90% if measurements are
obtained by continuous recording or
2) at least three separate findings of an
Spo, less than 90% if measurements are
obtained intermittently.

Question 5: Should Children with
Pulmonary Hypertension without
Congenital Heart Disease Be Treated
with HOT?

Evidence base. We identified no studies that
compared the effects of HOT with no oxygen
therapy in children with PH complicated by
chronic hypoxemia. The panel discussed
whether to review indirect evidence from
adults but judged adults with PH to
be too indirect a population to inform
recommendations in children. Instead, the
panel decided to inform its recommendations
with their collective nonsystematic clinical
observations derived from caring for
many such patients over several decades.
Nonsystematic clinical observations give very
low confidence in the estimated effects.
Conclusions. The panel emphasized
that empirical evidence comparing HOT
with no oxygen therapy will never be
forthcoming, because withholding HOT in
such patients is ethically questionable. The
panel’s collective clinical experience suggests
that children with chronic hypoxemia due
to PH are less dyspneic and more active
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when receiving HOT. Although harmful

consequences of HOT are infrequent,

there can be effects on quality of life.

Most important, the panel was particularly

certain about the potential of HOT to

benefit patients by mitigating the undesirable

consequences of chronic hypoxemia because

it directly interrupts the vicious cycle of PH

causing hypoxemia, which in turn worsens

the PH.

ATS recommendation.

¢ For patients with PH without
congenital heart disease complicated by
chronic hypoxemia, we recommend
that HOT be prescribed (strong
recommendation, very low-quality
evidence). Chronic hypoxemia is defined
as either I) greater than or equal to 5% of
recording time spent with an Spe, less
than or equal to 93% if measurements are
obtained by continuous recording or 2) at
least three separate findings of an Spo, less
than or equal to 93% if measurements are
obtained intermittently.

Question 6: Should Children with
Pulmonary Hypertension with
Congenital Heart Disease Be Treated
with HOT?

Evidence base. We identified no studies that
compared the effects of HOT with no
oxygen therapy exclusively in children with
congenital heart disease (CHD). The only
relevant study was a nonrandomized trial
of supplemental oxygen for patients with
PH, in which 13 of the 15 patients had CHD
(21). Nine patients were assigned to receive
HOT for at least 12 hours per day, and
six patients were assigned no HOT. The
patients were followed for up to 5 years.
Baseline values revealed a trend toward
higher Spo, in the HOT group (+5%;
—4.43% to +14.43%), a trend toward lower
pulmonary vascular resistance in the HOT
group (—7 mm Hg/min/m?/L; 95% CI,
+3.67 to —17.67 mm Hg/min/m?/L), and
no difference in the pulmonary artery
pressure. Mortality was lower among
children who received HOT (0% vs. 83%;
relative risk not estimable). Exercise
capacity and symptoms were reportedly
measured by questionnaire, but the
results were not described. The study
provided very low confidence in its estimated
effects.

Conclusions. The panel acknowledged
that the evidence favored HOT but had very
low confidence in the estimated effects,

owing to the study design, potential bias,

and imprecision. They also expressed

concern that in some patients with
unrepaired CHD and significant left-to-
right shunt, increased pulmonary blood flow
can be harmful rather than beneficial.

Generally speaking, they strongly believed

that the fine balance between the potential

for either beneficial or harmful effects
dictates that such patients be evaluated and
treated by clinicians with experience in
managing such complicated patients. In
children with surgically repaired CHD,
however, concerns of high pulmonary blood
flow would not persist, and the effects

of oxygen therapy to avoid hypoxemia,

especially in the setting of PH, are likely

greater than potential adverse effects.
ATS recommendation.

e For patients with PH with CHD
complicated by chronic hypoxemia,
supplemental oxygen will impact
hemodynamics and physiology; we
recommend that HOT NOT be initiated
in these children, regardless of previous
reparative or palliative congenital heart
surgery, until there has been consultation
with a pediatric pulmonologist or
cardiologist who has expertise in the
management of PH in this clinical
setting (strong recommendation, very
low-quality evidence).

Question 7: Should Children with
Interstitial Lung Disease Complicated
by Chronic Hypoxemia Be Treated
with HOT?

Evidence base. We identified no studies
that compared the effects of HOT with no
oxygen therapy in children with interstitial
lung disease (ILD) complicated by chronic
hypoxemia. The panel discussed whether to
review indirect evidence from adults but
judged adults with ILD to be too indirect
a population to inform recommendations
in children. Instead, the panel decided

to inform its recommendations with

their collective nonsystematic clinical
observations. Nonsystematic clinical
observations give very low confidence in the
estimated effects.

Conclusions. The panel again
emphasized that empirical evidence
comparing oxygen use with no oxygen
therapy will never be forthcoming, because
withholding HOT in such patients is
ethically questionable. The panel was certain
that the benefits of HOT exceed the harms,
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burdens, and cost in patients with ILD with
severe chronic hypoxemia (Spo, <90%).
This was based on the large number of
beneficial outcomes that they have observed
in their clinical practices and the absence
of harmful outcomes, decades of clinical
experience in managing many such
patients, and recognition that prolonged
chronic hypoxemia can contribute to
serious health consequences such as

PH and cor pulmonale. The panel also
concluded that the benefits of HOT

likely exceed the harms, burden, and

cost in patients with ILD who have mild
hypoxemia (Spo, 90-93%) that is chronic,
accompanied by sequelae of hypoxemia
(e.g., dyspnea on exertion), or associated

with desaturation during sleep or exertion.
ATS recommendations.

e For patients with ILD complicated
by severe chronic hypoxemia, we
recommend that HOT be prescribed
(strong recommendation, very low-quality
evidence). Severe chronic hypoxemia is
defined as either I) greater than or equal to
5% of recording time spent with an Spo,
less than 90% if measurements are obtained
by continuous recording or 2) at least three
separate findings of an Spo, less than 90%
if measurements are obtained intermittently.

e For patients with ILD who have both
mild chronic hypoxemia and either
dyspnea on exertion or desaturation
during sleep or exertion, we suggest
that HOT be prescribed (conditional

recommendation, very low-quality
evidence). Mild chronic hypoxemia is
defined as either 1) greater than or equal to
5% of recording time spent with an Spo,
90-93% if measurements are obtained by
continuous recording or 2) at least three
separate findings of an Spo, 90-93% if
measurements are obtained intermittently.

Providing HOT

Evidence-based data that address the
optimal modalities of home oxygen
delivery and monitoring in the pediatric
population are limited. Although an in-
depth discussion of specific delivery and
monitoring methods is beyond the scope of
this guideline, panel members identified
important considerations for equipment
choice, including the patient’s age, size,
and developmental stage, as well as the
required flow rate. Furthermore, equipment
choices should remain under appropriate
supervision. Owing to space limitations,
this section is completed in the online
version.

Discontinuation of HOT

Although some conditions may warrant
indefinite HOT, improvements in
respiratory function that occur with age,
maturation, treatment, clinical course, and

so forth can lead to an opportunity to wean
(progressively decrease) or discontinue
(stop altogether) HOT. Improvements in
respiratory status amenable to weaning of
oxygen therapy are most applicable to
infants with chronic lung disease of
prematurity, but a standardized approach
may nonetheless be helpful in other
populations. Criteria for the justification
and initiation of HOT are outlined by
CMS, but weaning or discontinuation

is not. Owing to space limitations,

this section is completed in the online
version.

Conclusions

Despite widespread use of HOT in
children for various lung and pulmonary
vascular diseases, there is a striking
paucity of data regarding its implementation,
efficacy, monitoring, and discontinuation.
With limited evidence, the panel provides
recommendations based on expert opinion
and experiences associated with patient-
important outcomes that will aid clinicians
in the management of complex pediatric
patients requiring HOT. Future research
should address important areas including
Spo, levels associated with optimal growth
and development and the identification of
best practice for weaning and discontinuing
HOT in children.

This official clinical practice guideline was prepared by an ad hoc subcommittee of the ATS Assembly on Pediatrics.

Members of the subcommittee are as
follows:

DoN Havss, Jr., M.D., M.S., M.Ep.!
(Co-Chair)

RoBiN R. DETERDING, M.D.? (Co-Chair)

Steven H. Asman, M.D. ¥

Joyce Baker, M.B.A., RR.T.-N.P.S,,
AE-C?S

IaN M. Barrour-Lynn, M.D.2 I

CHRISTOPHER L. CARROLL, M.DAY

Mary E. CaTaLerTo, M.D.>**

ANN GerrysH

Davip Gozat, M.D., M.B.A %58

STEPHEN M. M. HAWwKINS, m.D2

TimotHy M. HOFEMAN, M.D./9Y

DesoraH Karey, RN., M.S.N., A.E.-C.Bo+
KateLyN KriveHenia, M.D. ¥

Grorrrey KurLaND, M.D.%*

American Thoracic Society Documents

RICHARD J. MARTIN, M.D.'0888

EvaL OreN, Pr.D., M.S. 1#*

Howarp B. PanrrcH, M.D.'?*

GREGORY R. PorTa"?*

LAWRENCE M. RHEIN, M.D., M.P.H.'4+588
MARK L. SPLAINGARD, M.D.!¥88

Durrry Tum, Pr.D. I
Kevin C. Wizson, M.D, !> 100999

*Pediatric pulmonary representative.
IPulmonary hypertension representative.
SRespiratory therapy representative.
linternational representative.

IPediatric critical care representative.
**Methodologist.

Hpatient representative.

883leep medicine representative.
llPediatric sleep medicine fellow
representative.

Y9Pediatric cardiology representative.
**Nursing representative.

¥pediatric pulmonary fellow representative.
588Neonatology representative.
Iisociology and population health
representative.

199Project manager.

"Department of Pediatrics, The Ohio State
University College of Medicine, Nationwide
Children’s Hospital, Columbus, Ohio;
2Department of Pediatrics, University of
Colorado School of Medicine, Children’s
Hospital Colorado, Denver, Colorado;
SPediatric Respiratory Medicine, Royal
Brompton Hospital, London, United
Kingdom; “Department of Pediatrics,
Connecticut Children’s Medical Center,
Hartford, Connecticut; *Department of
Pediatrics, Stony Brook University School
of Medicine, Stony Brook, New York;
8Department of Child Health, University of
Missouri School of Medicine, Columbia,

277



Missouri; “Department of Pediatrics,
University of North Carolina School of
Medicine, Chapel Hill, North Carolina; ®Lucile
Packard Children’s Hospital at Stanford, Palo
Alto, California; ®Department of Pediatrics,
University of Pittsburgh School of Medicine,
Children’s Hospital of Pittsburgh, Pittsburgh,
Pennsylvania; "°Department of Pediatrics,
Case Western Reserve University School of
Medicine, Cleveland, Ohio; "'Division of
Epidemiology and Biostatistics, San Diego
State University School of Public Health, San
Diego, California; ?Department of Pediatrics,
University of Pennsylvania Perelman School of
Medicine, Children’s Hospital of Philadelphia,
Philadelphia, Pennsylvania; "*Children’s Interstitial
Lung Disease Foundation Inc., Cincinnati, Ohio;
"Department of Pediatrics, University of
Massachusetts Medical School, Worcester,
Massachusetts; '®Department of Medicine,
Boston University School of Medicine, Boston,
Massachusetts; and '®American Thoracic
Society, New York, New York

Author Disclosures: R.R.D. served on an
advisory committee for Boehringer Ingelheim

and ListenMD; served as a speaker for
Novartis; received royalties from Elsevier
Publishing; held a patent for a Personalized
Health Care Wearable Sensor System; had
patents pending for Systems and Methods
for Determining Vital Information with a
Computing Device, for a Pediatric

Nasal Endoscope, for a Respiration Rate
Measurement System, and for a Tongue
Localization, Teeth Interaction, and
Detection System; served as consultant

for, and had ownership or investment
interests and other intellectual property with,
TripleEndoscopy Inc.; and had ownership or
investment interests and royalties, licensing
fees, or other sales proceeds with Now Vitals
Inc. S.H.A. received research support

from Shire Pharmaceuticals and United
Therapeutics; and served on an advisory
committee for Shire Pharmaceuticals. M.E.C.
served as editor-in-chief for and received an
honorarium from Pediatric Allergy,
Immunology, and Pulmonology; served as an
associate editor for the American Academy

of Pediatrics, Pediatric Pulmonology: A
Manual for Primary Care; and served as an

editor for StatPearls. R.J.M. served on a data
safety monitoring board for CareFusion and
Windtree Therapeutics. H.B.P. served on an
advisory committee for Philips Respironics;
and received royalties from UpToDate.
K.C.W. reported employment by the American
Thoracic Society as Chief of Documents and
Patient Education and Documents Editor
and derived salary support from these roles,
and as such he has a personal financial
interest in the quality of all ATS clinical
practice guidelines. D.H., J.B., .M.B.-L.,
C.LC., AG.,D.G., SMMH., TMH., DK,
K.K., G.K,E.O., G.R.P,LMR., M.L.S., and
D.T. reported no relationships with relevant
commercial interests.

Acknowledgment: This official document
was prepared by a subcommittee of the
Assembly on Pediatrics. The members of the
clinical practice guideline panel on home
oxygen therapy for children thank Kimberly
Lawrence for the excellent and thoughtful
job she did in organizing this panel, which
was invaluable for the generation of this
document.

References 11. Nixon PA, Orenstein DM, Curtis SE, Ross EA. Oxygen supplementation
during exercise in cystic fibrosis. Am Rev Respir Dis 1990;142:
1. Centers for Medicare & Medicaid Services. National coverage 807-811. ) . .
determination (NCD) for home use of oxygen [accessed 2018 12. Nevel RJ, Garnett ET, Schaudies DA, Young LR. Growth trajectories

May 8]. Available from: https://www.cms.gov/medicare-coverage-
database/details/ncd-details.aspx?NCDId=169&ncdver=

and oxygen use in neuroendocrine cell hyperplasia of infancy.
Pediatr Pulmonol 2018;53:656-663.

1&DocID=240.2&SearchType=Advanced&bc=IAAAABAAAAAAS. 13. Moyer-Mileur LJ, Nielson DW, Pfeffer KD, Witte MK, Chapman DL.

2. Nocturnal Oxygen Therapy Trial Group. Continuous or nocturnal oxygen
therapy in hypoxemic chronic obstructive lung disease: a clinical trial.

Ann Intern Med 1980;93:391-398.

3. Medical Research Council Working Party. Long term domiciliary oxygen
therapy in chronic hypoxic cor pulmonale complicating chronic
bronchitis and emphysema: report of the Medical Research Council

Working Party. Lancet 1981;1:681-686.

4. Zinman R, Corey M, Coates AL, Canny GJ, Connolly J, Levison H, et al.
Nocturnal home oxygen in the treatment of hypoxemic cystic fibrosis

patients. J Pediatr 1989;114:368-377.

5. Spier S, Rivlin J, Hughes D, Levison H. The effect of oxygen on sleep,
blood gases, and ventilation in cystic fibrosis. Am Rev Respir Dis

1984;129:712-718.

6. Falk B, Nini A, Zigel L, Yahav Y, Aviram M, Rivlin J, et al. Effect of low
altitude at the Dead Sea on exercise capacity and cardiopulmonary

Eliminating sleep-associated hypoxemia improves growth in infants
with bronchopulmonary dysplasia. Pediatrics 1996;98:779-783.

14. Benatar A, Clarke J, Silverman M. Pulmonary hypertension in infants

72:F14-F19.

with chronic lung disease: non-invasive evaluation and short term
effect of oxygen treatment. Arch Dis Child Fetal Neonatal Ed 1995;

15. Mourani PM, Ivy DD, Gao D, Abman SH. Pulmonary vascular effects

of inhaled nitric oxide and oxygen tension in bronchopulmonary
dysplasia. Am J Respir Crit Care Med 2004;170:1006-1013.

16. Harris MA, Sullivan CE. Sleep pattern and supplementary oxygen

requirements in infants with chronic neonatal lung disease. Lancet
1995;345:831-832.

17. Marcus CL, Carroll JL, Bamford O, Pyzik P, Loughlin GM. Supplemental

oxygen during sleep in children with sleep-disordered breathing. Am J
Respir Crit Care Med 1995;152:1297-1301.

response to exercise in cystic fibrosis patients with moderate to 18. Aljadeff G, Gozal D, Bailey-Wahl SL, Burrell B, Keens TG, Ward SL.

severe lung disease. Pediatr Pulmonol 2006;41:234-241.
7. Gozal D. Nocturnal ventilatory support in patients with cystic fibrosis:
comparison with supplemental oxygen. Eur Respir J 1997;10:

1999-2003.

8. Marcus CL, Bader D, Stabile MW, Wang Cl, Osher AB, Keens TG.
Supplemental oxygen and exercise performance in patients with

Effects of overnight supplemental oxygen in obstructive sleep apnea
in children. Am J Respir Crit Care Med 1996;153:51-55.
19. Embury SH, Garcia JF, Mohandas N, Pennathur-Das R, Clark MR.

Effects of oxygen inhalation on endogenous erythropoietin kinetics,

erythropoiesis, and properties of blood cells in sickle-cell anemia. N
Engl J Med 1984;311:291-295.

cystic fibrosis with severe pulmonary disease. Chest 1992;101:52-57.  20. Reinhard EH, Moore CV, Dubach R, Wade LJ. Depressant effects of

9. McKone EF, Barry SC, FitzGerald MX, Gallagher CG. The role of
supplemental oxygen during submaximal exercise in patients with
cystic fibrosis. Eur Respir J 2002;20:134-142.

10. Milross MA, Piper AJ, Norman M, Becker HF, Willson GN, Grunstein

high concentrations of inspired oxygen on erythrocytogenesis:
observations on patients with sickle cell anemia with a description of

the observed toxic manifestations of oxygen. J Clin Invest 1944;23:

682-698.

RR, et al. Low-flow oxygen and bilevel ventilatory support: effects on  21. Bowyer JJ, Busst CM, Denison DM, Shinebourne EA. Effect of long

ventilation during sleep in cystic fibrosis. Am J Respir Crit Care Med

2001;163:129-134.

278

term oxygen treatment at home in children with pulmonary vascular

disease. Br Heart J 1986;55:385-390.

American Journal of Respiratory and Critical Care Medicine Volume 199 Number 3 | February 1 2019


https://www.cms.gov/medicare-coverage-database/details/ncd-details.aspx?NCDId=169&ncdver=1&DocID=240.2&SearchType=Advanced&bc=IAAAABAAAAAA&
https://www.cms.gov/medicare-coverage-database/details/ncd-details.aspx?NCDId=169&ncdver=1&DocID=240.2&SearchType=Advanced&bc=IAAAABAAAAAA&
https://www.cms.gov/medicare-coverage-database/details/ncd-details.aspx?NCDId=169&ncdver=1&DocID=240.2&SearchType=Advanced&bc=IAAAABAAAAAA&

	link2external
	link2external
	link2external

